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Assignment 3 – Task 1

Cache optimization

for(r=0; r<N; ++r) 
for(c=0; c<N; ++c)

s += m[r][c];
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Assignment 3 – Task 1

Cache optimization

for(rs=0; rs<N; rs+=b) 
for(cs=0; cb<N; cs+=b)

for(r=rs; r<rs+b; ++r) 
for(c=cs; c<cs+b; ++c)

s += m[r][c];

NO temporal locality

➔ No benefit from blocking (tiling)
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Assignment 3 – Task 2

An intricate stencil code

for(int k=4; k < N-4; k++)
for(int j=4; j < N-4; j++)
for(int i=4; i < N-4; i++)
U[k][j][i] = 2*V[k][j][i] - U[k][j][i] + C[k][j][i] * 
( c0 * V[k][j][i]
+ c1 * (V[ k ][ j ][i+1] + V[ k ][ j ][i-1] 

+ V[ k ][j+1][ i ] + V[ k ][j-1][ i ]
+ V[k+1][ j ][ i ] + V[k-1][ j ][ i ]) 

+ c2 * (V[ k ][ j ][i+2] + V[ k ][ j ][i-2]
+ V[ k ][j+2][ i ] + V[ k ][j-2][ i ] 
+ V[k+2][ j ][ i ] + V[k-2][ j ][ i ])

+ c3 * (V[ k ][ j ][i+3] + V[ k ][ j ][i-3] 
+ V[ k ][j+3][ i ] + V[ k ][j-3][ i ]
+ V[k+3][ j ][ i ] + V[k-3][ j ][ i ]) 

+ c4 * (V[ k ][ j ][i+4] + V[ k ][ j ][i-4]
+ V[ k ][j+4][ i ] + V[ k ][j-4][ i ] 
+ V[k+4][ j ][ i ] + V[k-4][ j ][ i ])); 

i

j

k
for(int k=4; k < N-4; k++)
for(int j=4; j < N-4; j++)
for(int i=4; i < N-4; i++)
U[k][j][i] = 2*V[k][j][i] - U[k][j][i] + C[k][j][i] * 
( c0 * V[k][j][i]
+ c1 * (V[ k ][ j ][i+1] + V[ k ][ j ][i-1] 

+ V[ k ][j+1][ i ] + V[ k ][j-1][ i ]
+ V[k+1][ j ][ i ] + V[k-1][ j ][ i ]) 

+ c2 * (V[ k ][ j ][i+2] + V[ k ][ j ][i-2]
+ V[ k ][j+2][ i ] + V[ k ][j-2][ i ] 
+ V[k+2][ j ][ i ] + V[k-2][ j ][ i ])

+ c3 * (V[ k ][ j ][i+3] + V[ k ][ j ][i-3] 
+ V[ k ][j+3][ i ] + V[ k ][j-3][ i ]
+ V[k+3][ j ][ i ] + V[k-3][ j ][ i ]) 

+ c4 * (V[ k ][ j ][i+4] + V[ k ][ j ][i-4]
+ V[ k ][j+4][ i ] + V[ k ][j-4][ i ] 
+ V[k+4][ j ][ i ] + V[k-4][ j ][ i ])); 
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Assignment 3 – Task 2

An intricate stencil code

for(int k=4; k < N-4; k++)
for(int j=4; j < N-4; j++)
for(int i=4; i < N-4; i++)
U[k][j][i] = 2*V[k][j][i] - U[k][j][i] + C[k][j][i] * 
( c0 * V[k][j][i]
+ c1 * (V[ k ][ j ][i+1] + V[ k ][ j ][i-1] 

+ V[ k ][j+1][ i ] + V[ k ][j-1][ i ]
+ V[k+1][ j ][ i ] + V[k-1][ j ][ i ]) 

+ c2 * (V[ k ][ j ][i+2] + V[ k ][ j ][i-2]
+ V[ k ][j+2][ i ] + V[ k ][j-2][ i ] 
+ V[k+2][ j ][ i ] + V[k-2][ j ][ i ])

+ c3 * (V[ k ][ j ][i+3] + V[ k ][ j ][i-3] 
+ V[ k ][j+3][ i ] + V[ k ][j-3][ i ]
+ V[k+3][ j ][ i ] + V[k-3][ j ][ i ]) 

+ c4 * (V[ k ][ j ][i+4] + V[ k ][ j ][i-4]
+ V[ k ][j+4][ i ] + V[ k ][j-4][ i ] 
+ V[k+4][ j ][ i ] + V[k-4][ j ][ i ])); 
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Assignment 3 – Task 3

Dense MVM

Locality of access  (N=15000):

a[][]purely spatial locality (each element 

accessed exactly once in linear order)

b[] spatial and temporal locality:

all elements accessed in linear order,

each element reused N-1 times since b[ ] fits into L2 cache 

c[] spatial and temporal locality:

all elements accessed in linear order,

each element reused N-1 times from L1 or register

for(i=0; i<N; ++i) 
for(j=0; j<N; ++j)

c[i] += a[i][j] * b[j];

sizeof(a) = 1.8GB
sizeof(b) = sizeof(c) = 117 KiB
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change idx
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Loop nests

a)

b) bs = 128 GB/s, f = 2.0 GHz, 𝑇𝑙 = 200cy

Transfer time:         𝑇CL = 200 cy + 64 byte / 128 Gbyte/s × 2.0 Gcy/s = 201 cy
Effective bandwidth: 𝑏 = 64 byte / 201 cy × 2.0 Gcy/s = 𝟎. 𝟔𝟒 𝐆𝐛𝐲𝐭𝐞/𝐬

With 128B CL: 𝑇CL128 = 202cy ≈ 𝑇CL64 → effective bandwidth doubled

#define N 16384
//...
s = 0.0;
for(int i=0; i<N; i++)
for(int j=0; j<N; j++)

s += a[j][i];  

#define N 16384
//...
s = 0.0;
for(int i=0; i<N; i++)
for(int j=0; j<N; j++)

s += a[i][j];  
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Loop nests

c) bs = 128 GB/s, f = 2.0 GHz, 𝑇𝑙 = 200cy, L = 200 byte

P =
T

V/𝑏𝑠
= 1 +

𝑇𝑙

V/𝑏𝑠
= 1 +

200 cy

64 byte/64
byte

cy

= 𝟐𝟎𝟏

BUT: The CPU needs to be able to process the data!

1 scalar ADD/cy = 8 byte/cy = 16 Gbyte/s < 𝑏𝑠, 1 AVX ADD/cy = 64 Gbyte/s < 𝑏𝑠

SOLUTION: more SIMD lanes, more ADD pipelines, more cores, ... 
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